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Introduction
Several studies demonstrate the

benefit of habitual physical activity for im-
proved health, reduced incidence of cor-
onary heart disease, and increased longev-
ity in middle-aged men and women.1-6
Comparable investigations relating habit-
ual activity in older adults to morbidity
and mortality are limited.7-1" The few
studies that include older adults do not
exclude persons with disease or disabling
conditions that restrict activity; thus,
these studies do not permit evaluation of
inactivity that is not a result of disease
processes in predicting physical decline,
chronic disease onset, acute events, and
mortality. While some8,10 control statisti-
cally for baseline health, many do not, and
one study'0 measured activity as degree of
slowing down rather than the actual level
pursued. Only Mor et al."I excluded phys-
ically impaired persons in their study on
the effect of an active life-style on the risk
of physical decline.

Studies of older athletes indicate that
continued physical training maintains lean
body mass, bone density, muscle strength,
and work capacity, among other dimen-
sions of fitness,l2-15 and has a favorable
association with cardiovascular disease
risk factors such as glucose tolerance'6 and
blood lipid levels.1217 Such studies, how-
ever, provide little insight regarding the ef-
fects of lower intensity activity on health
and functioning in nonathletic persons.

Endurance and strength training stud-
ies of sedentary older adults demonstrate
that regular exercise can improve work ca-
pacity, strength, and flexibility'820; in-
crease bone density21l22; lower blood pres-
sure23; and improve glucose metabolism24
and blood lipid levels.1825 A recent anal-

ysis26 found a protective effect of station-
ary cycling on the development of cardiac
arrhythmias. The training period in these
studies is relatively short, ranging from 6
weeks to 12 months, and the training reg-
imen is of an intensity rarely attained by
even highly active older adults on a regular
basis. Ample data demonstrate the fitness
promoting and probable health benefits of
vigorous exercise in older adults; the
health benefits of more moderate activity,
such as that routinely performed as part of
an active life-style, are unknown.

Using data from three sites of the Es-
tablished Populations for Epidemiologic
Studies of the Elderly (EPESE), we ex-
amined the association between recre-
ational physical activity among physically
capable older adults and functional status,
incidence of selected chronic conditions,
and mortality over 3 and 6 years. We ex-
amined outcomes after 3 years to deter-
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mine the proximate risks associated with
inactivity, particularly those related to
physical functioning. We continued the
follow-up for 6 years to observe differ-
ences in mortality, new myocardial infarc-
tion and stroke, and onset of diabetes and
angina and to determine whether risks ob-
served at 3 years were sustained.

Metods
Study Population

In 1980, the National Institute on Ag-
ing initiated the EPESE to prospectively
evaluate social, behavioral, and environ-
mental factors related to morbidity and

mortality. Baseline data collection took
place between 1982 and 1983 in East Bos-
ton, Mass; New Haven, Conn; and Iowa
and Washington counties, Iowa. A fourth
site, north-central North Carolina, added
in 1986, did not assess physical activity;
thus, this study uses data from the original
three sites only.

After the baseline interview, each
participant was recontacted annually and
administered a brief telephone interview
in years 1, 2, 4, and 5 and a more detailed,
in-person interview in years 3 and 6. We
assessed outcomes at 3 and 6 years fol-
lowing baseline, making use of the more
detailed interviews. Information obtained

from telephone contacts in the interim
years contributed to the determination of
mortality, myocardial infarction, stroke,
and diabetes.

Sampling procedures have been de-
scribed in detail elsewhere.27 In East Bos-
ton and the two counties in Iowa, the sam-
ples constitute total community surveys of
persons 65 years of age and older. The
East Boston population consists largely of
low- to middle-income, working class
Whites of predominantly Italian descent.
The Iowa population is composed primar-
ily of Whites residing in rural areas. In
New Haven, the study population was
drawn from a random sample stratified by
housing type (public and private housing
for the elderly and general community
housing). Men and those residing in public
or private elderly housing were oversam-
pled. Approximately 18% of this urban
population is Black. Table 1 presents the
initial sample sizes and the total numbers
of respondents by site.

To examine the risk of inactivity in
physicaLly capable persons, we excluded
subjects who reported at baseline that
they were unable to do heavy work
around the house, walk up and down a
ffight of stairs, or walk a half mile without
help. Items measuring these physical ca-
pabilities were taken from the Rosow-
Breslau functional health scale28 and were
selected because they tap the capabilities
required to perform the activities as-
sessed. Persons with insufficient informa-
tion to determine impairment status were
also excluded, as were persons missing
data on activity items or responding
"don't know" to any item (Table 1).

Measures
Physical activity. Measurement of

physical activityvariedby site, both in the
number and scope of activities assessed
and in categories of participation fre-
quency. Table 2 lists the items used to
measure activity by site and outlines the
criteria used to categorize activity levels.
Walking was the most common activity,
with virtually all active participants doing
some walking. Information on walking in-
tensity and distance was not available; the
range of activity among walkers was be-
lieved to be broad, with many having low
levels of exercise. To distinguish a group
with a high probability of getting adequate
exercise, we divided the active group into
high and moderate subgroups by placing
all persons participating in vigorous exer-
cise or active sports in the highly active
category. Of the individuals in this group,
75% to 95% also reported frequent walk-
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ing. While we may have misclassified
some participants as a result of this
scheme, we are confident that the average
activity level in the highly active group is
signficantly greater than the average level
in the moderately active group. Activity
levels represent recreational and home
maintenance activities only; information
on work activity was not available.

Between 16% and 26% of the individ-
uals from each site were classified as highly
active, and between 26% and 32% were in-
active (Table 3). Within each site, the pro-
portion who were highly active varied
greatly by age and sex; older women con-
stituted the lowest proportin of highly ac-
tive individuals. Therewas lessvariationby
age in the proportion who were inactve.

Control measures. Several factors
known or suspected to be related to both
physical activity and health and functional
status were examined at baseline, includ-
ing self-rated health, education, work sta-
tus, smoking status, depressive symptom-
atology, and chronic conditions.

For anayses,we created three catego-
riesofself-rated health: excellent, good, and
fair or worse health. We assessed depres-
sive symptomatology with a modified ver-
sionofthe Center forEpidemiologic Studies
Depression scale29 that consisted of 10
items, listed in the Appendi, and two re-
sponse categories indicatingthe presence or
absence of the symptomin the past week.
Scores on this modified scale, which can
range from 0 to 10 (a high score is indicative
of high depressive symptomatology), corre-
lated .88 with scores on the full scale.30

The prevalence of diabetes, angina,
stroke, myocardial infarction, and respi-
ratory symptoms was assessed. Diabetes
was measured as lifetime prevalence by
the following question: "Have you ever
been told by a doctor (or other health pro-
fessional) that you had diabetes, sugar in
the urine, or high blood sugar?" Similarly
phrased questions assessed histories of
stroke and myocardial infarction. The
London School of Hygiene question-
naire31 was used to determine the pres-
ence of angina. An adaptation of the Brit-
ish Medical Council questionnaire was
used to ascertain respiratory symptoms.32

Health outcomes. We examined
mortality, myocardial infarction, stroke,
diabetes, angina, and physical impair-
ment. Deaths were ascertained at annual
follow-ups and through continual surveil-
lance of obituaries. Vital status was 100lo
complete in East Boston and Iowa and
99.87% complete in New Haven.

For survivors, new occurrences of
myocardial infarction and stroke were ob-

tained through self-report and, in some
cases, proxy report at follow-up inter-
views. In the case of decedents, incidence
of myocardial infarction and stroke was
obtained from follow-ups in which they
were still alive and from death certificates.
Incidence of diabetes and angina was de-
termined by self-report. The same ques-
tion used to ascertain diabetes at baseline
was repeated at each follow-up. The an-
gina batterywas repeated at the third and
sixth follow-ups in East Boston and New
Haven and the third follow-up only in
Iowa. For both conditions, new cases in-
volved persons who reported the condi-
tion at follow-up and who did not report
the condition at baseline.

Impairment was assessed with the
same items that had been used as exclu-
sion criteria: inability to do heavy work
around the house, walk up and down a

flight of stairs, or walk a half mile without
help.

StatisticalAnalsis

We computed sex- and age-adjusted
percentages and means by the direct
method for all baseline comparisons; the
total sample available for analysis from
each site served as the standard popula-
tion. We conducted these analyses to ac-
count for the different age and sex distri-
butions within activity categories and to
preserve statistical power. For the longitu-
dinal analyses, sex- and age-adjusted per-
centages were also computed. Odds ratios
for experiencing a negative outcome were
derived with logistic regression models in-
cluding age, sex, education, work status,
smoking, depressive symptomatology,
self-rated health, respiratory symptoms,
historyofmyocardial infarction and stroke,
and diabetes and angina reported at base-
line. The three-category physical activity
measure was entered as two dummy vari-
ables representing high and moderate ac-
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tivity levels, with inactivity at baseline as
the reference.

Rem&i
Table 4 presents sex- and age-ad-

justed percentage distributions and means
of the control measures and health status
indicators by baseline activity level and
site. At all three sites, those who were
highly active were most likely to have
completed high school and least likely to

smoke. With the exception of those who
were highly active having the lowest fre-
quency of respiratory symptoms, disease
conditions were not consistently associ-
ated with activity level. Yet, the highly
active had better self-rated health and the
lowest mean depression scores.

Outcomes after 3 Years
Table 5 presents health outcomes af-

ter 3 years by baseline activity level. For
these and all subsequent analyses, com-

parisons involving mortality include all
persons, comparisons of myocardial in-
farction and stroke include all persons ex-
cept those lost to follow-up, comparisons
involving impairment include interviewed
survivors and those with proxy informa-
tion, and comparisons of diabetes and an-
gina include interviewed survivors at risk
for the condition examined.

Individuals who were highly active
had one half to two thirds the mortality
after 3 years of those who were inactive.
In Iowa, this difference attained statistical
significance. Those who were moderately
active experienced mortality similar to
that of the inactive. While the participants
who were highly active exhibited signifi-
cantly lower rates and risk of angina in
East Boston and stroke in Iowa, no con-
sistent associations emerged between ac-
tivity level and occurrence of myocardial
infarction or stroke or onset of new
chronic conditions. The data, however,
reveal a strong association between inac-
tivity and the development of physical im-
pairment, particularly for waLking a half
mile. All odds ratios associated with the
impairment measures were less than one
for those participants who were most ac-
tive. In addition, the data consistently
show a graded response between activity
level and impairment.

Outcomes after 6 Years
Table 6 presents outcomes after 6

years bybaseline activitylevel. In all sites,
participants who were highly active had
significantly lower rates and about two
thirds the risk of mortality of those who
were inactive. Those who were highly ac-
tive had significantly lower rates of myo-
cardial infarction in East Boston and
stroke in Iowa. In East Boston and New
Haven, participants who were highly ac-
tive showed lower rates and risk of angina
and diabetes than did participants who
were inactive.

Baseline activity and development of
physical impairment showed a weaker re-
lationship than that observed after 3years.
Only ability to walk a half mile had a
strong and consistent association with ac-
tivity, particularly in New Haven and
Iowa, where a graded response was evi-
dent. Adjustment for baseline differences
in demographic characteristics, smoking,
and health status substantially diminishes
the risk associated with inactivity; the
only remaining differences in risk of mor-
tality involved highly active participants in
New Haven and Iowa.

We performed sex-stratified analyses
using the fully adjusted logistic regression
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models and found that the risk associated
with inactivity was basically the same for
men andwomen. In a few instances,when
no association was present in one gender,
the overall observed association masked a
signiicant association in the other gender;
however, none of these were consistent
across sites.

Disusion
A high level of recreational physical

activity characterized by performing vig-
orous exercise often or at least weekly
and, in most cases, frequent walkig ap-
pears to reduce the likelihood of mortality
over both 3 and 6 years in physically ca-
pable older adults. Moderate to high ac-
tivity appears to reduce the likelihood of
developing limitations in physical func-
tioning over 3 years, particularly in the
areas of walking and doing heavy house-
work. The relationship between activity

and functional decline diminished over
time; the odds ratios increased toward one
between 3 and 6 years. Differential mor-
tality across activity groups did not com-
pletely explain this finding. Applying the
criteria used at baseline to define impair-
ment and including persons who died
among the impaired, we reran the analy-
ses. The odds ratioswere still closer toone
after 6 years. Another explanation is that
those who were highly active became less
active over the study period. Because we
had limited information on activity at fol-
low-up, we were not able to test this pos-
sibility.

A consistent relationship between
high or moderate activity and new myo-
cardial infarction or stroke or incident di-
abetes or angina was not found over 3 or
6 years. Several methodological problems
related to these end points, however, may
have limited our ability to identify more
consistent relationships. Stroke, diabetes,

and angina were rare events; thus, esti-
mates of risk associated with inactivity
were highly unstable. Reliance on self-
report of outcomes may have led to un-
dercounting of some conditions differen-
tially across groups. For instance, those
who are inactive may underreport angina
because they exert themselves less than
do thosewho are most active. In addition,
because physical activity is often used to
treat cardiovascular risk factors and con-
ditions, some of the active participants
may have been in poorer health than the
inactive participants. For example, in
Iowa, those who were highly active had
the highest rate ofprevious myocardial in-
farction and may have initiated an exer-
cise program as part of their cardiac reha-
bilitation. Therapeutic use of physical
activity may explain why, in some cases,
thosewhowere moderately active seemed
to have an increased risk of poor health
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outcomes relative to those who were in-
active.

Statistical adjustment of factors
known or suspected to be related to ac-
tivity level and health and functional sta-
tus in the logistic regression analyses
tended to reduce the association between
activity and most outcomes, particularly
after 6 years. Adjustments for group dif-
ferences at baseline are common in longi-
tudinal analyses; however, in instances in
which the independent variable might af-
fect some of these group differences, ad-
justment may be inappropriate and may
obscure true associations. In this study,
the inactive had more depressive symp-
tomatology and lower self-rated health.
Because physical activity has been found
to influence the development of depres-
sive Symptomatology,33'34 which in turn is
associated with self-rated health,35 con-
trolling for these factors in the analyses
may have erroneously reduced the ob-

served associations between activity and
health outcomes.

In Iowa, inactive participants were
more likely to work. Because farming is a
major occupation in Iowa, persons who
were working may have been highly ac-
tive even though they engaged in little rec-
reational activity. To examine this possi-
bility, we reassigned the 36 persons who
reported farm work and who had moder-
ate or no recreational activity to the group
of highly active participants. Because
pooroutcomes were rare in these farmers,
the revised analyses did not greatly alter
the original findings. Rates of poor out-
come in highly active individuals de-
creased marginally, and the signiicantly
higher rate of diabetes in these individuals
after 6 years became insignificant.

The relationship between activity
and physical impairment in older adults
has not been widely examined. Mor et
al.11 found that healthy elderly people 70

to 74 years of age who were inactive ex-
perienced 1.5 times the rate of disability
over 2 years of persons who reported reg-
ular exercise or walked 1 mile. Our find-
ings are comparable with a more physi-
cally capable population, a broader age
range, and longer follow-up. Branch36
found that reported slowing down of ac-
tivityamongnondisabled persons 65 years
of age and older predicted incident disabil-
ity over 15 months. Our results support
these findings with a measure of physical
activity less confounded with the mea-
surement of disability than that available
to Branch.36

Previous longitudinal studies ofphys-
ical activity and mortality that have in-
cluded sufficient numbers of adults over
65 years of age have examined the rela-
tionship in persons younger on average
when they entered the study and followed
them for a longer period. Kaplan and oth-
ers8 followed persons 60 to 94 years of age

1448 American Journal of Public Health October 1993, Vol. 83, No. 10



for 17 years and found an increased rela-
tive risk of mortality of 1.38 for inactivity
in both the young-old and the old-old,
which compares favorably with our find-
ings. Over 26 years, Lindsted et al.37
found only a small risk associated with
inactivity on mortality in Seventh-Day
Adventist men 65 to 75 years of age. The
activity, however, was largely work re-
lated and unlikely to have been pursued
much beyond baseline.

Simflarly, little comparable research
has examined the risk of inactivity in older
adults for cardiovascular disease. Don-
ahue and colleagues7 found that the rate of
cardiovascular events over 12 years in ac-
tivemen 65 to 69years ofagewas less than
half that in inactive men. While we did not
obtain a similar result, Donahue et al.7 had
a younger population, longer follow-up,
more rigorous measure of activity, and
more complete and objective ascertain-
ment of coronary events. Studies with
stronger designs generally show larger
benefits associatedwith physical activity.I
Posner et al.26 found a lower occurrence
and delayed onset of cardiovascular diag-
noses in elderly participants in an exercise
program vs nonexercising controls over 2
years; however, the major difference oc-
curred in the development of arrhythmias.
No differences were observed in rates of
myocardial infarction or angina.

Whilewe would like to conclude that
this study provides evidence supporting
the "use it or lose it" axiom, at least over
3 years, we must consider alternative ex-
planations. Persons who reported that
they were capable of waLking a half mile
without difficulty but who rarely walked
may have been more likely to overesti-
mate their capacity at baseline than per-
sons who walked regularly. We also can-
not be certain that inactivity did not result
from an underlying condition that was not
yet disabling (as defined and measured
here) but nevertheless caused subjects to
limit their activity. Higher rates of respi-
ratorysymptoms reported by inactive par-
ticipants support this interpretation. On
the other hand, national surveys of
younger adults indicate that a sizable pro-
portion are physically inactive despite low
rates of chronic conditions. Given this ev-
idence and the strict exclusion criteria
used in this study, it seems reasonable to
assume that the majority of those who
were inactive were habitually sedentary
by choice and not because ofpoor health.

Several aspects of the measurement
of activity may have limited our ability to
demonstrate a relationship between activ-
ity and morbidity. The assessment of ac-

tivity level was highly subjective because
quantitative measures of frequency, dura-
tion, and intensity were not available.
Thus, the distinction between high and
moderate activity had to be somewhat ar-
bitrary. For instance, someone who
walked a brisk 2 miles five times perweek
would be classified as moderately active,
whereas someone who played doubles
tennis 1 hour perweekwould be classified
as highly active. We could not assess the
duration participants had been active or
inactive, nor could we assess the consist-
ency of activity over follow-up. aearly,
persons who developed acute illness or
who became disabled during the study re-
duced their baseline activity level, and
persons who may have been recovering
from an acute illness at baseline may have
increased their activity.

In conclusion, our findings suggest
that continued physical activity offers
benefits to physically capable older adults,
primarily in reducing the risk of physical
impairment and mortality. More vigorous
activity offers greater protection from iin-
pairment and mortality than does moder-
ate activity. This is not to suggest that only
fitness promoting levels ofexercise are re-
quired to achieve benefits; in this study,
highly active individuals, although more
active than their peers, were pursuing ac-
tivities well within the scope of a moder-
ately active life-style. The gradient of ef-
fect for activity level for the functioning
outcomes after 3 years and mortality after
6 years provides further evidence ofa true
association. Future work in this area must
use more objective and quantifiable mea-
sures of activity and assess changes in ac-
tivity levels over time. O
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